CONDUCTIVE BUMPS WITH INSULATING SIDEWALLS 
AND METHOD FOR FABRICATING 

Field of the Invention 
[0001] The present invention generally relates to a microelectronic 

structure that is provided with conductive bumps on a surface for making 
electrical connection with other substrates and more particularly, relates to 
a microelectronic structure that is provided with a conductive bump having 
insulating sidewalls for making electrical communication with bond pads on 
another substrate such that any possible electrical short between the 
conductive bump and its immediately adjacent bump can be avoided. ■ The 
invention further provides a method for fabricating the microelectronic 
structure that is equipped with the conductive bumps. 

Background of the Invention 
[0002] In the recent development of integrated circuit (IC) chip 

mounting technologies, an IC chip is frequently bonded to another electronic 
substrate by establishing electrical communication between conductive bumps 
built on the IC chip and bond pads provided on the electronic substrate. 
When such bonding technique is used, an anisotropic conductive film (ACF) is 
frequently employed in-between the IC chip and the electronic substrate such 
that electrically conductive particles embedded in the ACF provide such 
electrical communication . 
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[0003] Referring initially to Figures 1A-1C, wherein a typical process 

for bonding a microelectronic structure to an electronic substrate is shown. 
The microelectronic structure 10 is equipped with a plurality of electrically 
conductive bumps 12 formed on a top surface for providing electrical 
communication to microelectronic circuits (not. shown) in the microelectronic 
structure 10. The conductive bump 12 is built on a bond pad 14, a seed layer 
16 and is insulated by a dielectric layer 18. The electronic substrate 20, 
on the other hand, is provided with a plurality of bond pads 22 formed on a 
top surface 24. The electronic substrate 20 may be advantageously a printed 
circuit board in one embodiment. An anisotropic conductive film 30 that has 
a multiplicity of electrically conductive particles 32 embedded in an 
electrically insulating material 34 is positioned on the top surface 24 of 
the electronic substrate 20. 

[0004] After the microelectronic structure 10, the electronic substrate 

2 0 and the ACF 3 0 are placed in a heated bonding device and a suitable 
pressure is applied to press the microelectronic structure 10 against the 
electronic substrate 20, an electronic assembly 40 is formed which is shown 
in Figure 1C. As seen in Figure 1C, electrical communication between the 
microelectronic structure 10 and the electronic substrate 20, is established 
by electrically conductive particles 32a, 32b and 32c which provide 
electrical conductance between the conductive bumps 12 and the bond pads 22. 

[0005] The bonding method by using ACF can be efficient and low cost. 

However, since the distribution of the multiplicity of electrically 
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conductive particles 32 can not be controlled in an orderly manner when it is 
dispersed and embedded in the insulating material 34, a cluster of the 
electrically conductive particles 32 frequently occurs which may cause an 
undesirable electrical short between adjacent conductive bumps 12. This is 
shown in Figure ID. While electrically conductive particles 32a, 32b and 32c 
provides desirable electrical communication between the conductive bumps 12 
and the bond pads 22, electrically conductive particles 32d provides the 
undesirable electrical shorting between the two adjacent conductive bumps 12. 
When such electrical shorting occurs, the electronic circuits in the 
microelectronic structure 10 may be damaged or otherwise become non- 
functional. Such electrical shorting therefore must be avoided. 

[0006] As one solution to the problem, ACF suppliers have developed an 

ACF film that has controlled pattern of distribution of the electrically 
conductive particles in the insulating material. However, such tightly 
controlled distribution ACF films are produced at very high cost and 
therefore, renders the bonding technique using the film impractical. 

[0007] It is therefore an object of the present invention to provide a 

method of bonding an IC chip to an electronic substrate by using anisotropic 
conductive films therein-between, which does not have the drawbacks or 
shortcomings of the conventional method. 

[0008] It is another object of the present invention to provide a method 

for bonding an IC chip to an electronic substrate by forming on the IC chip 
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specially designed conductive bumps which do not short with immediately 
adjacent neighboring bumps. 

[0009] It is a further object of the present invention to provide a 

microelectronic structure that has electrically conductive bumps formed on 
top wherein the bumps are formed with an insulating sidewall. 

[00010] It is another further object of the present invention to provide a 

microelectronic structure that has electrically conductive bumps formed on 
top which have at least a section of its sidewall that is juxtaposed to an 
immediately adjacent bump formed of an insulating material. 

[00011] It is still another object of the present invention to provide a 

microelectronic assembly formed by a microelectronic structure that has 
electrically conductive bumps formed on top which are substantially covered 
on the sidewalls by an electrically insulating material. 

[00012] It is yet another object of the present invention to fabricate a 

microelectronic structure that has electrically conductive bumps formed on 
top which are covered on its sidewalls by an insulating material formed by a 
technique selected from the group consisting of polishing, dry etching, and 
lithography. 
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Summary of the Invention 
[00013] In accordance with the present invention, a microelectronic 

structure that is equipped with at least one conductive bump on a top surface 
wherein the at least one conductive bump has a sidewall formed of an 
electrically insulating material is provided. 

[00014] In a preferred embodiment, a microelectronic structure is provided 

which includes a semi -conducting substrate having electronic circuits therein 
and a top surface; and at least one first conductive bump situated on the top 
surface providing electrical communication to the circuits, the at least one 
conductive bump has a sidewall formed of an electrically insulating material. 

[00015] In the microelectronic structure, the sidewall is formed of an 

electrically insulating material which at least partially covers a periphery 
of the at least one conductive bump, or the electrically insulating material 
covers completely a periphery of the at least one first conductive bump while 
leaving a top surface of the at least one first conductive bump exposed. The 
sidewall may at least cover a section of the sidewall in the periphery of the 
at least one first conductive bump that is juxtaposed to a second conductive 
bump situated immediately adjacent to the at least one first conductive bump. 
The electrically insulating material may be an organic material or an 
inorganic material. The electrically insulating material may be a 
photosensitive material. The at least one first conductive bump may be 
formed of a conductive metal selected from the group consisting of Au, Ag, 
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Pt, Pd, Al, Cu, Sn and alloys thereof. The at least one first conductive 
bump may have a height between about 5 jum and about 5 0 /itn. 

[00016] The present invention is further directed to a microelectronic 

assembly that includes a semi -conducting substrate that has at least one 
conductive bump situated on a top surface, the at least one conductive bump 
may have a sidewall formed of an electrically insulating material; a 
substrate that has at least one conductive pad situated on a top surface; and 
an anisotropic conductive film sandwiched in-between the semi -conducting 
substrate and the electronic substrate, the anisotropic conductive film 
includes at least one electrically conductive particle providing electrical 
communication between the at least one conductive bump and the at least one 
conductive pad. 

[00017] In the microelectronic assembly, the semi -conducting substrate may 

be an integrated circuit chip and the electronic substrate may be a printed 
circuit board or glass substrate. The sidewall that is formed of an 
electrically insulating material at least partially covers a periphery of the 
at least one conductive bump, or covers completely a periphery of the at 
least one conductive bump, while leaving a top surface of the at least one 
conductive bump exposed. The at least one conductive bump may be formed of a 
conductive metal selected from the group consisting of Au, Ag, Pt, Pd, Al, 
Cu, Sn and alloys thereof. 

[00018] The present invention is still further directed to a method for 
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fabricating a microelectronic structure which can be carried out by the 
operating steps of providing a semi -conducting substrate including circuits 
therein; forming at least one first conductive bump on a top surface of the 
semi -conducting substrate; conformally depositing a layer of insulating 
material on the at least one first conductive bump and the top surface of the 
semi -conducting substrate; and removing selectively the layer of insulating 
material from a top surface of the at least one first conductive bump while 
leaving a sidewall of the at least one first conductive bump covered by the 
layer of insulating material . 

[00019] In the method for fabricating a microelectronic structure, the 

removing step may be carried out by a method selected from the group 
consisting of polishing, dry etching and lithography, or by chemical 
mechanical polishing. The method may further include the step of forming the 
at least one first conductive bump to a height between about 5 fu.m and about 
50 ^m. The method may further include the step of forming the at least one 
first conductive bump from a material selected from the group consisting of 
Au, Ag, Pt, Pd, Al, Cu, Sn and alloys thereof. The method may further 
include the step of depositing conformally the layer of insulating material 
selected from the group consisting of organic materials and inorganic 
materials . 

[00020] The present invention is still further directed to a method for 

fabricating a microelectronic structure that can be carried out by the 
operating steps of providing a semi -conducting substrate including circuits 
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therein; forming at least one bump of a photosensitive material on a bond pad 
situated on the semi -conducting substrate, the photosensitive material is 
electrically insulating; patterning and developing the at least one bump such 
that only a sidewall remaining after the developing process; and filling a 
cavity formed by the sidewall by electroplating and forming at least one 
electrically conductive bump surrounded by the electrically insulating 
photosensitive material on its peripheral surface, the at least one 
electrically conductive bump is in electrical communication with the circuits 
in the semi -conducting substrate. 

Brief Description of the Drawings 
[00021] These and other objects, features and advantages of the present 

invention will become apparent from the following detailed description and 
the appended drawings in which: 

[00022] Figures 1A-1D are enlarged, cross-sectional views illustrating a 

conventional bonding process for mounting a microelectronic structure to an 
electronic substrate by using an anisotropic conductive film. 

[00023] Figures 2A-2C are enlarged, cross-sectional views illustrating a 

preferred embodiment of the present invention method for fabricating 
conductive bumps with insulating sidewalls by a polishing method. 

[00024] Figures 3A-3B are enlarged, cross-sectional views illustrating an 

alternate embodiment of the present invention method utilizing dry etching. 
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[00025] Figures 4A and 4B are enlarged, cross-sectional views illustrating 

yet another embodiment of the present invention method utilizing 
photolithography. 

[00026] Figure 5A-5G are enlarged, cross -sectional views illustrating 

still another alternate embodiment of the present invention method utilizing 
electrodeposition . 

[00027] Figures 6A-6C are enlarged, cross-sectional views illustrating a 

microelectronic structure and a microelectronic assembly, respectively, 
formed by the present invention method. 

Detailed Description of the Preferred and Alternate Embodiments 

[00028] The present invention provides a microelectronic structure that is 
equipped on a top surface at least one conductive bump formed with insulating 
sidewalls. The insulating sidewalls are formed of an insulating material of 
either organic or inorganic base that at least partially covers a periphery 
of the at least one conductive bump. The insulating material, while covers 
either partially or completely a periphery of the at least one conductive 
bump, leaves a top surface of the at least one conductive bump exposed. 

[00029] The electrically insulating material used in forming the 
insulating sidewall may also be a photosensitive material such that a 
sidewall may first be formed and then, an electrodeposition process may be 
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used to fill the sidewall cavity and form a conductive bump. The conductive 
bump may be formed of a conductive metal material such as Au, Ag, Pt, Pd, Al, 
Cu, Sn and alloys thereof. 

[00030] The present invention further discloses a microelectronic assembly 

that is formed by bonding together a semi -conducting substrate and an 
electronic substrate. The semi -conducting substrate may be an integrated 
circuit chip, while the electronic substrate may be a printed circuit board 
or glass substrate. The two parts are bonded together by sandwiching 
anisotropic conductive film therein-between . The semi -conducting substrate 
has at least one or a plurality of conductive bumps formed on a top surface 
wherein each of the conductive bumps are surrounded by an insulating sidewall 
formed of an electrically insulating material with the top of the bumps 
exposed for establishing electrical communication. 

[00031] The present invention further discloses a method for fabricating a 

microelectronic structure that has conductive bumps formed on top with 
insulating sidewalls. The method may be carried out by first forming at 
least one conductive bump on the semi -conducting substrate, then conformally 
depositing a layer of insulating material on the at least one conductive 
bump, and then removing selectively the layer of insulating material from a 
top surface only of the at least one conductive bump. The removal process 
may be conducted by a technique such as polishing or chemical mechanical 
polishing, dry etching or lithography. 
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[00032] In another method for fabricating the microelectronic structure 

having conductive bumps with insulating sidewalls on top, at least one bump 
formed of a photosensitive material is formed on a bond pad, the 
photosensitive material is electrically insulating. The at least one bump is 
then patterned and developed such that only a sidewall of the bump remains 
after the developing process. An electrodeposition process is then carried 
out to fill a cavity formed by the sidewall of the bump forming an 
electrically conductive bump of a conductive metal surrounded by the 
electrically insulating photosensitive material on its sidewalls. The 
electrically conductive bump formed is in electrical communication with the 
circuits pre-formed in the semi -conducting substrate. 

[00033] The method for forming conductive bumps with insulating sidewalls 

on a microelectronic structure can be carried out by many different 
techniques. A first technique, is shown in the present invention preferred 
embodiment in Figures 2A-2C. 

[00034] In this preferred embodiment, a microelectronic structure, i.e. an 

integrated circuit (IC) chip 10 is first provided. The IC chip 10 is built 
on a silicon substrate 26 that has a plurality of bond pads 14 on top. A 
seed layer 16 of the same material used in forming the conductive bumps 12 is 
then deposited and patterned on the bond pads 14. The conductive bump may be 
suitably formed of a conductive metal such as Au, Ag, Pt, Pd, Al, Cu, Sn and 
alloys thereof. A dielectric layer 18 is used to insulate the bond pads 14 
from each other. After an insulating material layer is blanket deposited on 
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top of the microelectronic structure 10, a polishing process is used to 
remove the insulating material layer 28 that is situated on top of the 
conductive bumps 12. This is shown in Figure 2B. A polishing head 36 
equipped with a polishing pad (not shown) in a chemical mechanical polishing 
apparatus is used to remove the layer of insulating material 2 8 from the top 
surfaces of the conductive bumps 12. 

[00035] The insulating material layer 2 8 may be formed of an organic 

material and applied by a technique such as spin-coating, printing, etc., or 
an inorganic material which is applied by a technique such as chemical vapor 
deposition, physical vapor deposition, etc. A suitable thickness for the 
insulating material layer is between about 0 . 2 /^m and about 2 yum. A suitable 
height of the conductive bumps 12 is in-between about 5 //m and about 50 pm. 
By utilizing a chemical mechanical polishing method, best flatness of 
conductive bumps can be obtained and thus the yield of ACF bonding process is 
improved. A finished product is shown in Figure 2C. 

[00036] Alternate embodiments of the present invention method for forming 

microelectronic structures that have conductive bumps with insulating 
sidewalls is shown in Figures 3A-3B and Figures 4A-4B. In the process shown 
in Figures 3A-3B, the insulating material layer 28 is formed of a 
photosensitive organic material by a suitable technique, such as spin- 
coating, printing, etc. A photomask layer 38 is then used for the conductive 
bumps 12 to expose the photosensitive insulating material layer 28. This is 
shown in Figure 3A. After the exposed photosensitive insulating material 
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layer 28 is developed, only the top portion of layer 28 is removed. A top 
surface 42 of the conductive bumps 12 is thus exposed for making electrical 
contact with bond pads on an electronic substrate through an ACF layer. 

[00037] In still another alternate embodiment, shown in Figures 4A-4B, a 

dry etch method is used for forming the conductive bumps with insulating 
sidewalls. A layer of photoresist 43 is first deposited and patterned on the 
microelectronic structure 10. A plasma enhanced etching process is then 
carried out to etch away the layer of insulating material 28 on top of the 
conductive bumps 12, resulting in the final structure shown in Figure 4B with 
only an insulating sidewall surrounding the conductive bumps 12 left. 

[00038] In still another method for preparing the present invention 

microelectronic structure 10 that has conductive bumps 12 formed on top, each 
surrounded by insulating material layer 44, as shown in Figures 5A-5G, an 
electrodeposition process is used in forming the conductive bumps 12. The 
microelectronic structure 10 is first deposited with a blanket seed layer 16, 
as shown in Figure 5A. On top of the seed layer 16, is then deposited a 
thick photoresist layer 46. After the photoresist layer 46 is patterned and 
developed, as shown in Figure 5C, only the portions 48 of the photoresist 
layer 46 are left covering the bond pads 14. The seed layer 16 that is not 
covered by the portions 4 8 are then etched away in a dry etching process, 
shown in Figure 5B. A second photoresist layer 52 is then deposited to be 
patterned and form sidewall 44 of the photoresist bumps 48. This is shown 
in Figures 5E and 5F. In the final step of the process, an electrodeposition 



13 



64,600-122 
920003 

method is carried out to fill the cavities 54 in the sidewall 44 with a 
conductive metal such as Au. Other suitable conductive metals such as Ag, 
Pt, Pd, Al, Cu, Sn and alloys thereof, may also be used in the 
electrodeposition process. The final microelectronic structure 10 is thus 
formed with conductive bumps 12 and sidewall 44 surrounding the peripheral 
surface, except the top surface, of the conductive bumps. This is shown in 
Figure 5G. 

[00039] The present invention microelectronic structure 10 shown in two 

different configurations in Figures 6A and 6B, while Figure 6C illustrates 
the desirable effect of the present invention structure. In Figure 6A, the 
insulating material only surrounds the conductive bump 12, while in the 
second configuration shown in Figure 6B, the insulating material layer 28 
remains on the microelectronic structure 10. 

[00040] Figure 6C illustrates the desirable effect of the present 

invention conductive bumps 12 that has sidewall 44 formed on the sidewall. 
It is seen that while conductive particles 32d are clustered together in the 
insulating material 34 that bonds the microelectronic structure 10 to the 
electronic substrate 20, the sidewall 44 prevents a short between the two 
conductive bumps 12 . 

[00041] While the present invention has been described in an illustrative 

manner, it should be understood that the terminology used is intended to be 
in a nature of words of description rather than of limitation. 
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[00042] Furthermore, while the present invention has been described in 

terms of a preferred and alternate embodiment, it is to be appreciated that 
those skilled in the art will readily apply these teachings to other possible 
variations of the inventions. 

[00043] The embodiment of the invention in which an exclusive property or 

privilege is claimed are defined as follows. 
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